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Personal Information Management (PIM) is an activity in 
which an individual stores personal information items to 
retrieve them later. In a former article, we suggested the 
user-subjective approach, a theoretical approach propos- 
ing design principles with which PIM systems can sys- 
tematically use subjective attributes of information items. 
In this consecutive article, we report on a study that 
tested the approach by exploring the use of subjective 
attributes (i-e., project, importance, and context) in current 
PIM systems, and its dependence on design characteris- 
tics. Participants were 84 personal computer users. Tools 
included a questionnaire (N = 84), a semistructured inter- 
view that was transcribed and analyzed (n = 20), and 
screen captures taken from this subsample. Results indi- 
cate that participants tended to use subjective attributes 
when the design encouraged them to; however, when the 
design discouraged such use, they either found their own 
alternative ways to use them or refrained from using them 
altogether. This constitutes evidence in support of the 
user-subjective approach as it implies that current PIM 
systems do not allow for sufficient use of subjective 
attributes. The article also introduces seven novel system 
design schemes, suggested by the authors, which 
demonstrate how the user-subjective principles can be 
implemented. 


Personal Information Management (PIM) is an activity 
in which an individual stores personal information items to 
retrieve them later. PIM is performed in a physical environment 
(e.g., an office), with mobile devices (e.g., mobile phones and 
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PDAs), and by using personal computers. The information 
items used in personal computers include documents, e-mail, 
Web Favorites, tasks, and contacts. Following Soergel’s (1985) 
model, Barreau (1995) listed five PIM activities: acquisition, 
organization and storage, maintenance, retrieval, and output. 
In the personal computer environment, these activities are 
supported by PIM systems such as the operating system, 
mailbox, and browser. 

Despite the fact that PIM is a fundamental aspect of 
computer-based activity and millions of computer users man- 
age their personal information on a daily basis, there is 
surprisingly little research on the subject (Whittaker, Terveen, 
& Nardi, 2000); however, in recent years, the topic has begun 
to attract increasing scientific attention (Bergman, Boardman, 
Gwizdka, & Jones, 2004; Jones & Bruce, 2005; Teevan, 
Jones, & Bederson, 2006). Many PIM-related studies report 
on users’ problems with the classification and retrieval of 
their personal information as well as their dissatisfaction with 
these processes. Problems are not restricted to a specific 
PIM system and are reported for digital files (Barreau, 1995; 
Barreau & Nardi, 1995), e-mail (Whittaker & Sidner, 1996), 
and Web Favorites (Abrams, Baecker, & Chignell, 1998; 
Jones, Bruce, & Dumais, 2001). Boardman, Spence, and Sasse 
(2003), who studied PIM within and across these systems, 
made the following observation: 


We were often surprised at the vehemence expressed regard- 
ing PIM-related problems, and have coined the term bugbear 
for recurring problems that frequently or seriously affect 
users. Since PIM is an ongoing and often repetitive everyday 
activity, we found that even relatively minor bugbears can 
build up and have a negative impact on productivity and/or 
user experience. (p. 618) 


JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY, 59(2):235—246, 2008 


It seems that many users blame themselves for being 
disorganized (Bellotti & Smith, 2000), though part of the 
problem can be ascribed to faults in PIM design. 

Kwasnik’s (1991) research shed some light on this design 
problem. She analyzed the descriptions of eight faculty 
members who were asked to describe how they organized 
physical documents in their offices. She found that a minor- 
ity (30%) of the attributes described were document-related 
(e.g., author, form, topic, title) while the majority (70%) were 
attributes related to the interaction between the user and 
the information (e.g., situation attributes, disposition, time, 
cognitive state). These results suggest that users base their 
natural data organization more on subjective attributes than 
on general “objective” ones. 

In a former article published in this journal, titled “The 
User-Subjective Approach to Personal Information Manage- 
ment Systems” (Bergman, Beyth-Marom, & Nachmias, 2003), 
we suggested a theoretical design approach aimed to improve 
PIM systems design. The user-subjective approach recom- 
mended design principles with which PIM systems can 
systematically make use of subjective attributes. The purpose 
of the present, consecutive article is twofold: (a) to provide 
empirical evidence that might shed light on the questions 
regarding the use of subjective attributes in current PIM 
systems, and (b) to present seven novel system design 
schemes, suggested by the authors, to demonstrate how the 
user-subjective approach can be implemented. 


The User-Subjective Approach 


PIM system designers may be partly to blame for users’ 
dissatisfaction and complaints about their information man- 
agement, as they fail to recognize the unique requirements 
of such systems. In contrast to other information manage- 
ment systems, which serve many different users, each PIM 
system serves only one person. In other systems, informa- 
tion is stored and organized by information professionals 
(e.g., librarians, Web site developers) for users who retrieve 
information according to their needs. To cater to the needs 
of different users and facilitate information retrieval, infor- 
mation professionals use general and objective attributes of 
the information for its organization. PIM systems are 
unique in that the same person who stores the information 
and decides on its organization is the one who later retrieves 
it. The user-subjective approach takes advantage of this 
unique feature and suggests that PIM systems should make 
use of subjective, user-dependent attributes. The system 
should capture these subjective attributes when the user 
interacts with the information item (either automatically 
or by using direct manipulation design) to help the user 
retrieve that item later. 


Subjective Attributes 


Attributes of an information item are variables which 
describe it, and in so doing, add value to it (Taylor, 1986). 
We differentiate between objective and subjective attributes. 


Objective attributes are attributes that are user-independent, 
in the sense that an external observer can infer these attrib- 
utes directly from the information item, without observing 
the user’s actions. Such objective attributes are the item’s 
format, size, and date. In contrast, subjective attributes are 
user-dependent and cannot be inferred directly from the 
information item. Instead, they often can be derived from 
the user-information interaction. The user-subjective ap- 
proach identifies three subjective attributes: the project to 
which the item belongs, its importance to the user, and the 
context in which the item is used. 


Project attribute. Information items in PIM often are classi- 
fied under projects with which the users are involved (Jones, 
Phuwanartnurak, Gill, & Bruce, 2005). “Project” is a subjec- 
tive attribute of an information item chosen by the PIM user; 
thus, the same information item can be classified under differ- 
ent projects for different users. For example, a person attending 
the ASIST 2006 Conference can classify the URL of the con- 
ference hotel in a folder designated “ASIST 2006 Conference” 
within his or her Web Favorites; however, the same URL 
will be placed in a “Honeymoon” folder for another person 
planning to visit the hotel for that purpose.! 


Importance attribute. Importance is user-dependent and thus 
subjective: An information item can be very important to one 
person and completely unimportant to another. It also can 
be important (i.e., relevant) to a user today, but unimportant 
(i.e., irrelevant) to that same user next month. One measure 
of importance can be derived from the user-information 
interaction: Recently used information items are probably 
judged as more relevant to the user than are information 
items that have not been used for a long time. The former are 
thus more likely to be retrieved again in the near future. 


Context attribute. Context is a subjective attribute because 
different people interact with the same information items 
in different contexts. The term context has been used exten- 
sively in the literature and may have different meanings 
(Chalmers, 2004; Dey, 2001; Dourish, 2004). The user- 
subjective approach refers to four context attributes of an 
information item: external, internal, temporal, and social. 
The external context of an information item refers to the 
other items that the user dealt with while interacting with a 
specific information item; internal context relates to the 
user’s thoughts while interacting with the information item; 
temporal context pertains to the state in which the user left 
the information item when she or he last interacted with 
it, and to his or her working plans regarding that informa- 
tion; and social context refers to other persons relating to the 
information item, such as other people who collaborate with 
the user regarding that information item.” 


'The term ‘project’ replaces the term ‘subjective topic’ used in our pre- 
vious paper for this attribute, as it is commonly used in the literature. 

Project and importance are also context-related, and were presented 
separately for the sake of convenience. 
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The three attributes (i.e., project, importance, and context) 
are user-dependent, and one cannot infer them just by looking 
at the information item; however, they can be deduced from 
the user-information interaction. 


User-Subjective Principles 


The user-subjective approach suggests three design prin- 
ciples, each of which takes into account one of the subjective 
attributes mentioned earlier. These principles are only occa- 
sionally implemented in current PIM systems design. We will 
describe these principles and their sporadic implementation. 


Subjective project classification principle. The subjective 
project classification principle suggests that design should 
allow all information items related to the same project to be 
classified under the same category regardless of their techno- 
logical format. Although project-based classification has been 
encouraged in experimental systems (Bellotti & Smith, 2000; 
Dourish, Edwards, LaMarca, & Salisbury, 1999; Freeman & 
Gelernter, 1996; Jones, Munat, & Bruce, 2005; Kaptelinin, 
2003; Karger & Quan, 2004), current PIM system design dis- 
courages such classification. At present, it encourages users to 
classify their information items within their format-related 
hierarchy: Documents are stored in one folder hierarchy 
(e.g., in My Documents), e-mail in a separate mailbox hierar- 
chy, and favorite Web sites in yet another browser-related 
hierarchy (These will be referred to as the three hierarchies.) 
Thus, information items related to the same project, but based on 
different formats (e.g., documents, e-mail, or Web Favorites), 
are retrieved from different collections stored in separate 
locations (i.e., hierarchies), causing “the project fragmenta- 
tion problem” (Bergman, Beyth-Marom, & Nachmias, 2006). 
The only exception to this fragmentation problem in current 
PIM systems design is in the case of documents: Different 
kinds of documents (e.g., Word, Excel, and PowerPoint docu- 
ments) are all classified under one hierarchy. 


Subjective importance principle. The subjective importance 
principle suggests that the importance of information should 
determine its degree of visual salience and accessibility: 
Highly important information items should be highly visible 
and accessible as they are likely to be retrieved; information 
items of lower importance should be less visible so as not to 
distract the user. In current PIM systems, there are several 
ways to make information items of high importance visible 
and accessible, such as saving them (or creating shortcuts to 
them) on the desktop, using the recently used items, and the 
history options. However, current systems offer no way of 
making information items of low subjective importance 
less visible.’ As a result, folders are often cluttered with 
information items of low importance which compete for the 





3Two exceptions to this are the ability MS Windows gives the user to set 
aside unused desktop items, and the ability MS Outlook gives the user to 
indicate that a task is of low priority. 


user’s attention (Jones, 2004). Moreover, users have 
difficulty “seeing the forest for the trees” when, for example, 
they have to identify a new version of a document in a list of 
many old and new documents. 


Subjective context principle. The subjective context principle 
suggests that information should be retrieved and viewed by 
the user in the same context in which it was previously used, 
to bridge the time gap between these two events. In recent 
years, there has been a strong tendency to develop context- 
aware systems (Chalmers, 2004; Dey, 2001; Dourish, 2004). 
Recent PIM systems allow the user to mark the state of the 
information item in the process of the user’s work with it 
(i.e., the temporal context) by using flags (in MS Office 
applications) and tags (Cutrell, Robbins, Dumais, & Sarin, 
2006), and some PIM systems (e.g., the Macintosh operating 
system) allow the user to annotate an entire information item 
(i.e., the internal context). However, current information 
systems do not allow the user to restore the environment 
in which the user had previously worked with the information 
item (i.e., the external context). This is true for informa- 
tion items that obviously relate to each other, such as an 
e-mail and its attachment, and also for information items that 
might relate to each other as they were open at the same time. 
In addition, current systems do not offer a way to maintain 
and use the social context of information items—the list of 
people involved with the same information item. 

The present research tested the user-subjective approach 
and its design principles. 


Research Questions 


The purpose of the present research was to explore the 
use of subjective attributes in current PIM systems, and its 
dependence on design characteristics. This was done regard- 
ing each of the three subjective attributes and principles. 
Following are the general questions and the different empir- 
ical measures we chose for the exploration of each question. 


1. Questions regarding the subjective project classification 
principle: Do personal computer users tend to work with 
their information items according to the items’ formats 
(as suggested by current PIM systems design) or accord- 
ing to the projects with which the items are associated (as 
suggested by the user-subjective approach)? 

1.1. How do users tend to talk about their information 
organization—in terms of technological formats, or 
in terms of projects? 

1.2. To what extent do recently used files, e-mail, and 
Web pages relate to the same projects? 

1.3. How much overlap is there in the folder names 
between the three folder hierarchies (i.e., documents, 
e-mail, and Web Favorites)? 

1.4. Do users tend to classify their information according 
to format or project? 

1.5. To what extent does interface design affect the 
format heterogeneity of information items classified 
under the same folder? 
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2. Questions regarding the subjective importance principle: 
Do personal computer users relate to the importance of 
information items while storing and/or retrieving them? 
2.1. Do users tend to talk about their information organi- 

zation in terms of its subjective importance? 
2.2. To what extent do users report using importance 
attributes while working with their PIM systems? 

3. Questions regarding the subjective context principle: Do 
personal computer users tend to relate to the context of 
information items? 

3.1. Do users tend to talk about their information organi- 
zation in terms of its context? 


As current PIM systems lack context-related features, we 
could not explore to what extent users use these features 
when working with their PIM system. 


Method 
Participants 


Participants were 84 computer users (23 men, 61 women) 
from Israel, varying in age (21-57 years, M = 30.44, SD = 
7.86), occupation, and degree of computer literacy. Their 
experience with personal computers ranged from 0.5 to 
22 years (M = 8.83, SD = 4.99). Sixty-nine participants 
used a personal computer with an MS Windows operating 
system, 3 used a Macintosh, and 4 used both platforms 
(Eight participants did not specify their platform.) 


Tools 


Questionnaire. All 84 participants completed a questionnaire 
that included items on how they managed their documents, 
e-mail, and Web Favorites. They were specifically asked 
questions regarding the three subjective attributes to explore 
the aforementioned research questions. Most questions in the 
questionnaire were measured on a Likert-type scale of 1 (not 
at all) to 5 (to a very large extent). Some background informa- 
tion also was collected.* 


Interview. Twenty participants” were interviewed in a semi- 
structured technique known as the guided tour: The partici- 
pant guides the interviewer through her or his computer, 
focusing on the way she or he organizes information and 
retrieves it (for previous research that used this technique, 
see Barreau, 1995; Boardman & Sasse, 2004; Kwasnik, 
1991; Malone, 1983). We gave the participants the following 
instructions: “Please show me how you manage your per- 
sonal information. That is, how you organize your files, 
emails and Web favorites and how you retrieve an informa- 
tion item when needed.” Each interview was recorded, 
transcribed, divided into paragraphs, and analyzed in the fol- 
lowing way: We defined six dichotomous (yes/no) variables, 





4To receive the full questionnaire, please contact the first author. 
After interviewing 20 participants, we felt that the research had 
reached saturation. 


and two independent judges graded each paragraph on each 
variable. Three of the variables concerned subjective attrib- 
utes: Was there a reference to project (i.e., topic or content 
that the user is involved with), to importance (both high and 
low), and to context (i.e., external, internal, temporal, and 
social)? The other three variables concerned objective attrib- 
utes: Was there a reference to format (including implicit ref- 
erence such as “pictures” and “presentations”’), to size (e.g., 
“I try to get rid of heavy files”), and to date (e.g., “This is 
from 2004”)? The judges graded only spontaneous para- 
graphs, excluding those in which the participant answered 
an interviewer’s question. We only included the 566 judg- 
ments on which both judges agreed (88% of all judgments) 
in the content analysis. 


Screen captures. Two types of screen captures were taken 
and printed out: information items and folders. Information 
item screen captures are recently used information items 
of the three hierarchies: documents, e-mail, and Web pages 
used the day before the interview (using Recent Documents, 
and Web History functions). Folder screen captures are 
screen captures of the three folder hierarchies at root level. 

To increase convergence validity, we employed a multi- 
operational method: Whenever possible, questionnaires, inter- 
views, and screen captures of participants’ computers were 
used to investigate the same principle (1, 2, or 3). Table 1 
presents the research questions and the tools chosen to 
explore them. 


Results 


Next, we present results according to the research ques- 
tions that tested the subjective project-classification, impor- 
tance, and context principles. 


Testing the Subjective Project Classification Principle 


The general research question regarding the subjective 
project-classification principle was: Do personal computer 
users tend to work with their information items according to 
the items’ formats (as suggested by current PIM systems 
design) or according to the projects with which the items are 
associated (as suggested by the user-subjective approach)? 
We tested this question using five measures. 


TABLE 1. Research questions and tools. 


Research question Research tool 





1.1 Interview 

1.2 Screen captures—items 
1.3 Screen captures—folders 
1.4 Screen captures—folders 
1.5 Questionnaire 

21 Interview 

22 Questionnaire 

3.1 Interview 
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1.1 How do personal computer users tend to talk about their 
information organization—in terms of technological 
format or in terms of projects? 


In the interviews, the participants referred to item format 
only occasionally. They mostly referred to projects when 
asked about the way they organize their information: 
Researchers talked about their research projects, a journalist 
about articles he wrote, a musician about CDs he com- 
posed, illustrators about books they illustrated, a multimedia 
designer about titles she designed, a movie producer about 
videos he produced, and so forth. The tendency to refer to 
projects more than to format was evident in the content 
analysis; for each interview, two measures were calculated: 
the percentage of paragraphs in which at least one project 
was mentioned and the percentage of paragraphs in which 
a technological format was referred to at least once. An 
average of 71% of the paragraphs contained references to 
projects while only 28% of them referred to technological 
formats (see Table 2, Lines 1 and 2). This huge difference 
was significant, t (19) = 8.88, p < .01. The following is a 
typical example of a paragraph containing several references 
to projects taken from an interview with an artist: 


Here I have an archive of things that I downloaded from the 
Internet that I keep for [visual] references. It keeps on getting 
bigger and bigger. This is a business card I started making for 
myself. ‘Comme il faut’ is for a new [art] exhibition I’m mak- 
ing ina café by that name... .” 


1.2 To what extent do recently used files, e-mail, and Web 
pages relate to the same projects? 


To answer this question, we used screen captures of par- 
ticipants’ documents, e-mail, and Web pages that were used 
the day before the interviews took place (using Recent Doc- 
uments, and Web History functions). These were printed and 
analyzed: Next to each information item (regarding docu- 
ments, e-mail, and Web pages), participants wrote the pro- 
ject to which it related. We defined an overlapping 
information item as one that has another information item 
relating to the same project located in at least one different 
format collection (e.g., an e-mail and a document that 
referred to the same project). Overlap was measured by the 
percentage of overlapping items among all previous-day 
items for each participant. As can be seen in Table 2, Line 3, 
there is an average overlap of 56% of the information items. 
Thus, when working on a project, about half of the time, par- 
ticipants retrieve items from different format hierarchies. 


1.3 How much overlap is there in folder names between the 
three folder hierarchies? 


To answer this question, we used folder screen captures 
of the three folder hierarchies at root level. The printouts 
showed 968 folders: 544 document folders, 261 e-mail fold- 
ers, and 163 Web Favorites folders. Overlapping folders 
were defined as folders of different hierarchies with the same 


TABLE 2. Testing the subjective project classification principle. 








M (SD) 

Paragraphs that mentioned: 

1. projects 71 (16) 

2. format 28 (15) 
Project overlap of: 

3. information items in different formats 56 (33) 

4. folder in different hierarchy 20 (19) 
Classification according to: 

5. project name 80 (12) 

6. format name 6 (7) 





name, or those the user explicitly mentioned as relating to 
the same project. For example, a Comics artist had a folder 
with the name of a book (on which he was working at 
the time), both in his files and in his mailbox directories. The 
results show that on average, 20% of the folders overlapped 
(see Table 2, Line 4). In other words, nearly one fifth of the 
folders had another folder relating to the same project in a 
different hierarchy. 


1.4 Do users tend to classify their information according to 
format or to projects? 


The 968 folders in the three different hierarchies men- 
tioned earlier were classified according to their names (by 
project, by format, by name of person, and by other names). 
For each participant, the percentage of the four types of 
names was calculated in each of the three hierarchies. The 
average proportion of project folder names was 80%° while 
the average proportion of format folder names was only 6% 
(see Table 2, Lines 5 and 6). This enormous difference was 
significant, t (19) = 19.12, p < .01.’ Other categories of fold- 
er names were names of people (M = 7%, SD = 6%), and 
other names (M = 7%, SD = 7%). These results indicate 
that users tend to classify their information according to pro- 
jects more than to formats. 


1.5 To what extent does interface design affect the format 
heterogeneity of information items classified under the 
same folder? 


My Documents is the default storage location for most 
documents regardless of their file format (e.g., Word, Excel). 
This interface encourages the user to classify documents of 
heterogeneous formats under the same project. In contrast, 
e-mail and Web Favorites are each stored, by default, in 
separate designated locations. While the system enables 
storing e-mail and Web Favorites together with documents, 





Results were consistent across the three hierarchies: the average pro- 
portion of project names was over 70% for each. 

7One possible explanation for this is that users don’t need to organize 
their files according to format because they are able to search according 
to their format by specifying the file extensions. 


JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE AND TECHNOLOGY—January 15, 2008 239 


DOI: 10.1002/asi 


the system interface discourages such activity (E-mail stored 
as documents cannot be replied to, and most participants did 
not know that Web Favorites could be stored with files.) 

To what extent does this difference in interface design affect 
users’ behavior? In the questionnaire, participants were asked 
about their storage habits. Specifically, they were asked about 
the extent to which they saved documents of different formats 
but relating to the same project in one project folder (an activ- 
ity which is encouraged by the system design), and about 
the extent to which they saved e-mail, Web Favorites, and 
Web pages with documents that related to the same project 
(an activity which is not encouraged by the system design). 
Participants indicated, on a Likert-type response scale of 1 (not 
at all) to 5 (to a very large extent), that they often mix docu- 
ments of different formats in the same folders (M = 3.35, SD 
= 2.32), but they seldom store e-mail, Web Favorites, and Web 
pages outside their default locations (e.g., storing them in file 
folders) (M = 1.67, SD = 1.63). A paired tf test showed a sig- 
nificant difference between results, t (83) = 11.48, p < .01, in- 
dicating that users’ tendency to store information items of 
different formats in the same folders may be determined by in- 
terface design. 


Testing the Subjective Importance Principle 


The general research question testing the subjective 
importance principle was: Do personal computer users relate 
to the importance of information items while storing and/ 
or retrieving them? We explored this question using two 
measures. 


2.1 Do users tend to talk about their information organization 
in terms of its subjective importance? 


In the interviews, participants tended to talk about their 
personal information organization both in terms of high 
importance (e.g., “Come to think of it, I made shortcuts 
[pointing at his desktop shortcuts] to most of the folders 
that are important for me”) and in terms of low subjective 
importance (e.g., “These are sketches, they are not really 
important, just drafts” and “Once every 2-3 days I go through 
[unimportant] email to send it to the trash bin”). Occasionally, 
during the interviews, participants also deleted information 
items saying that they “no longer needed them.” The percent- 
ages of paragraphs containing spontaneous references to high 
subjective importance as well as to low subjective importance 
were calculated for each participant, as part of the content 
analysis. On average, 22% of the paragraphs contained high- 
importance references (SD = 17%), and 29% contained 
low-importance references (SD = 14%). 


2.2 To what extent do users report using importance attrib- 
utes while working with their PIM systems? 


High importance. To explore whether participants make 
highly important items more visible, the questionnaire asked 
about their retrieval habits. Concerning files, they were 


asked to divide 100% of their document retrieval activity 
between five options: direct navigation to the relevant folder 
and file, search, desktop shortcuts, recently used documents 
lists, and “others.” On average, participants answered that 
they retrieved 18% of their files by using desktop shortcuts 
and 12% by using recently used documents lists (see Table 3, 
Lines | and 2). In addition, participants were asked: “When 
you are looking for a file inside a folder, you can sort the files 
in chronological order so that the files you used recently 
would appear at the top of the list. To what extent do you use 
this option?” The participants’ average response, on a scale 
of 1 (not at all) to 5 (to a very large extent), was 1.81 (SD = 
2.3). When asked about refinding Web pages that they had 
seen before, participants estimated that they used the Web 
Favorites option for 32% of the retrievals, on average, and 
the History option for 13% of their retrievals (see Table 3, 
Lines 3 and 4). The remaining 55% included writing the ad- 
dress, using the search engine, or links from other Web sites. 
Thus, results indicate that participants used the tools that the 
current design offers them to make highly important items 
more visible and accessible. 


Low importance. As current design does not offer a desig- 
nated option to make files of low subjective importance less 
visible, the questionnaire asked participants about various 
alternative ways of doing this. The results show that 40% of 
the participants indicated that they transferred at least some 
of such items to a general archive folder, 61% moved them 
to an external memory such as a CD, 32% created a new 
folder for the same purpose and used the old one as an 
archive, and 24% of the participants indicated that they created 
an archive folder within the original folder (see Table 3, 
Lines 5-8). Altogether, 79% of the participants used one or 
more of these alternative ways to make at least some of their 
low subjective importance files less visible. 


Testing the Subjective Context Principle 


The general research question regarding the subjective 
context principle was: Do personal computer users tend to 
relate to the context of information items? Investigation of 
this question was based on content analysis of the interviews. 
Each paragraph was coded as either having or not having a 


TABLE 3. Options chosen by users to increase or diminish item visibility. 








Increase item visibility by using: M (SD) 
1. Desktop shortcuts 18 (24) 
2. Recently used documents lists 12 (19) 
3. Web favorites option 32 (29) 
4. Web history option 13 (18) 


Diminish item visibility by using: % who chose each option 





5. A general archive folder 40 
6. An external memory 61 
7. An old folder as an archive 32 
8. Archive folder within the original folder 24 
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TABLE 4. References to context attributes. 








Contextual attributes M (SD) 
External context 7 (10) 
Internal context 1 (4) 

Temporal context 29 (21) 
Social context 25 (16) 
At least one attribute 50 (23) 





reference to external, internal, temporal, and social context. 
Table 4 presents the percentages of paragraphs containing at 
least one reference to each of the context attributes. 


External context. When during the interview participants 
mentioned storing together two or more information items 
that are used simultaneously so that they could easily be 
retrieved together, that paragraph was coded as referring to 
external context. For example, YP, who is a Comics artist, 
has two kinds of folders: text folders and image folders. 
When creating a comics story, he reported that he copied the 
relevant text folder to the relevant image folder because 
“I need it in order to work there.” Results of the content 
analysis show that an average of 7% of the paragraphs 
referred at least once to external context. 


Internal context. The interviewees rarely mentioned writing 
down their thoughts about their information items (perhaps 
because most of their system designs do not allow for such 
action). An example of a reference to an internal context can 
be seen in OD’s (a research student) interview. She reported 
saving her thoughts about her results in the same folder in 
which she kept her results “so that later when I put it all 
together Pll know on which results I based each of my 
conclusions.” The content analysis shows that only 1% of 
the paragraphs on average referred to the internal context. 


Temporal context. While describing how they organized 
their personal information, participants often talked about their 
plans regarding their information items; they described what 
they had done with the information item in the past, the 
current state of the information item, and what they intended 
to do with it in the future. The content analysis reveals that 
on average, 29% of the paragraphs in the interviews referred 
to temporal context. For example, in an interview with 
the editor of a musical journal who works on a Macintosh, he 
said: “Each time I edit a new journal edition, I give its folder 
this icon [showing the icon]. Then, when I’m done working 
on it, I return to the standard folder icon.” In this way, he can 
identify at a glance the folder he is currently working on. 


Social context. When information items were sent to intervie- 
wees from other people, or when an information item was 
produced collaboratively with others, participants often men- 
tioned these social contacts when referring to the relevant 


information item. The content analysis reveals that on 
average, 25% of the paragraphs referred to social context. 
This reference was prominent mainly when participants de- 
scribed their e-mail organization, but also when they guided 
the interviewer through other collections. An example of this 
is a medical doctor who said, “In here I have a folder for [the 
files of] each of my patients.” 

Overall, the content analysis shows that on average, 50% 
of the paragraphs referred to at least one contextual attribute. 


Discussion 


Overall, the results indicate that participants tend to talk 
about their personal information management in terms of 
subjective attributes, and use these attributes when the design 
allows them to; however, when the PIM system design does 
not allow them to use these subjective attributes, they either 
refrain from using them (e.g., participants rarely store e-mail 
and Web Favorites together with documents relating to the 
same project) or find their own alternative way to use them 
(e.g., by using various ways of archiving documents of low 
subjective importance). Thus, though needed, current PIM 
systems do not allow for sufficient use of subjective attributes, 
and it is recommended that they should be designed to allow 
for broader and more systematic use of subjective attributes.® 

Evidence regarding each of the user-subjective princi- 
ples will be discussed next, followed by examples of their 
implementation. These implementations are design schemes, 
suggested by the authors, aimed to improve existing PIM sys- 
tems. Each will be developed and tested in future research. 


Subjective Project Classification Principle: Evidence 
and Implementations 


Regarding the subjective project classification principle, 
results indicate that personal computer users tend to refer to 
their information items according to the project with which 
the items are associated, more than in terms of their formats. 
Though they use different information-item formats (docu- 
ments, e-mail, and Web Favorites) while working on the 
same project, they usually save those in the three format- 
related hierarchies. Occasionally, the folders in which those 
items are stored (in the different hierarchies) are named 
similarly according to the relevant project. 

Results also indicate that personal computer users tend 
to store project-related information items of different for- 
mats in one project folder and retrieve them from there, 
when the interface design encourages it (i.e., with different 
document formats);? however, they store project-related in- 
formation items in different folder hierarchies (documents, 





8A possible limitation of these results is that most of them were based on 
participants’ reports and only a minority on users’ actual behavior. 

°See “To what extent does interface design affect the format hetero- 
geneity of information items classified under the same folder?” in the re- 
sults section. 
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FIG. 1. ProjectFolders scheme. 


e-mail, and Web Favorites) when the design encourages 
such fragmentation. 

Project fragmentation occurs when a user who is working 
on a single project stores information items relating to that 
project in separate format-related collections from which he 
or she also retrieves them. The results reveal the problem: 
Users tend to relate to their information items in a certain 
way (i.e., according to projects); however, current design 
discourages them from storing and retrieving them in the 
same way (by suggesting format-related storage). 

The subjective project classification principle (which sug- 
gests that design should allow all project-related information 
items to be classified together regardless of their technological 
format) can be implemented in various ways to address the 
project fragmentation problem. In this article, we suggest two 
such design schemes: ProjectFolders, a more radical storage 
solution, and MyProjects, a more lightweight retrieval solu- 
tion. In addition, we suggest ProjectField, a feature designed to 
enable application of the subjective project attribute in e-mail. 


ProjectFolders. The most straightforward way to address the 
project fragmentation problem by using the subjective project 
classification principle is to store all project-related items 
regardless of their format in a single folder hierarchy. In Pro- 
jectFolders system design, the user will be able to store all 
project-related documents, e-mail, and Web Favorites tasks 
and contacts in a single folder, with tabs separating them 
(Figure 1) (Bergman et al., 2006).!° This will allow users to 
work in the context of their projects and retrieve all their pro- 
ject-related items from a single location. Earlier attempts to 
address the project fragmentation problem assumed it was 
inevitable and suggested solving it by using search (Dourish 
et al., 1999; Dumais et al., 2003; Freeman & Gelernter, 1996) 
or by using an additional structure (Bellotti & Smith, 2000; 
Kaptelinin, 2003; Karger & Quan, 2004). ProjectFolders 
attacks the problem itself by avoiding the creation of fragmen- 
tation in the first place. It is a radical solution to the project 





‘Technically, email messages will not be stored in these folders, only 
pointers to the emails in the mailbox database; however, this will be trans- 
parent to the user. 


fragmentation problem in the sense that it requires changes in 
users’ storage habits. Moreover, the present study found a 
folder-name overlap of only 20% between the three hierar- 
chies, thus supporting the claim that using a single folder 
hierarchy may be questionable, as users tend to use different 
strategies to manage the three hierarchies (Boardman & Sasse, 
2004). However, interface design often determines users’ pref- 
erences and strategies; changing the interface may change user 
behavior and improve usability. In the early 1990s, when each 
document application suggested a separate storage location, 
users may have been shown to employ different storage strate- 
gies for the different document formats; however, now that 
current systems offer a single storage location for all docu- 
ments (e.g., My Documents), users tend to store project-related 
documents of different formats in the same folders, as indi- 
cated by our data. Thus, ProjectFolders design may lead to a 
similar change for all project-related information items. 


MyProjects. MyProjects is a second design scheme aimed 
to address the project fragmentation problem by allowing 
the user to retrieve all the information items (i.e., docu- 
ments, e-mail, and Web Favorites) related to the same 
project in a single menu (Figure 2). It does so by creating a 
common index for folders with the same names in the three 
folder hierarchies. The tool automatically creates an index 
which points at folders in the three indexes. When two or 
more of the folders in the three hierarchies have the same 
name (e.g., a folder named “Chemistry” both in My Docu- 
ments and in the mailbox), the tool creates a common index 
for these folders. This common index allows the tool to 
present recently used information items contained in these 
folders when this project is selected. MyProjects is minimal 
both in what it requires from users and in its ambition to 
solve the project fragmentation problem: The users do not 
need to make any changes in their storage habits. However, 
the tool is effective only for the minority of cases when there 
is aname overlap between folder hierarchies. 


ProjectField. When retrieving an e-mail message, it is often 
difficult to determine the project to which the message 
belongs only by observing its subject. This problem is often 
mentioned by groups of workers who correspond with one 
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FIG. 3. ProjectField scheme. 


another regarding several projects at once. ProjectField is an 
additional field in the e-mail message that indicates the project 
to which it belongs (Figure 3). This also allows the user to sort 
messages by projects. When a document is sent by e-mail, 
ProjectField will automatically take on the name of the 
document folder, similarly to the way the e-mail subject takes 
on the name of the document. A possible reason for complica- 
tions with this feature is that for it to work properly, all 
correspondents need to use the same project names. 


Subjective Importance Principle: Evidence 
and Implementations 


When testing the subjective importance principle, results 
show that participants tend to talk about their information 
items in terms of both high importance and low importance. 
Participants also tend to use system design features that 
support easy retrieval of highly important information items 
(e.g., Desktop Shortcuts). However, as the system does not 
offer a way of making items of low importance less visible, 
most users find their own alternative ways of doing so. 
This may suggest that system design also should support 
features for making information items of low importance 
less visible. 

Why is it important to deal with information items of low 
importance? Jones (2004) claimed that the decision whether 
“to keep or not to keep” information for future usage is prone 
to two types of costly mistakes: Information not kept or delet- 
ed may be unavailable later when it is needed; however, if 
unimportant information items are kept, they compete for the 
user’s attention and may obscure information important to 
the current task. Furthermore, the decision whether to keep or 
delete information takes the user’s time and cognitive 
resources (Bergman et al., 2003). To avoid these problems, 
the subjective importance principle offers an intermediate 
option between “keep” and “delete” ones. It suggests that in- 
formation items of low importance will be less visible with- 
out denying the user future access to that information item. 
This option has the advantage of the “delete” option (less 
competition for attention) as well as the advantage of the 
“keep” option (access to information item in case it is unex- 
pectedly needed in the future), and saves the time and energy 
it takes to decide what to do with the item in question. 

When designing features for making information items of 
low importance less visible, it is important that they should 
not be removed from the folders in which they were 





FIG. 4. GrayArea scheme. 


originally stored. In this way, the items can be retrieved in 
their original context, and the user will not have to remem- 
ber another storage place associated with them. One way of 
doing this is by changing the default sort of the information 
items from alphabetical order to date order, so that docu- 
ments that have not been retrieved for a long time would 
appear at the bottom of the list. Two alternative design 
schemes that implement the importance principle are Gray 
Area and Old’nGray. 


GrayArea. GrayArea is an additional folder feature that 
allows the users to drag information items of low importance 
to a designated location at the bottom of a folder (Figure 4). 
GrayArea uses the term “gray area” because it is a storage 
place for information items that users are in doubt as to 
whether to delete. Information items in that area are presented 
in a smaller font, are concealed by the area’s gray background, 
and are presented in a small space (If information items 
exceed the gray area, a scroll bar is used.) Items within the 
GrayArea also may be compressed to free disc space. 


Old’nGray. When retrieving a document, users face a con- 
stant dilemma: Which version is the latest one? To answer that 
question, users usually go through a time-consuming process 
of changing the folder’s file listing from alphabetical to 
chronological order, and compare dates of versions. The situa- 
tion is complicated further as different versions of the docu- 
ment may have different names and be stored in different fold- 
ers. Old’nGray is an operating system level feature that solves 
this problem by automatically fading to gray old versions of 
documents when a new version is stored on the computer. In 
this way, the user can tell at a glance the latest version from the 
older ones (Figure 5). Old’nGray also will allow the user to go 
from the older version to the latest one, even if it is stored 
under another name or in another folder on that computer. 

The use of GrayArea and Old’nGray is not limited to 
retrieval from folders; it also can be applied to retrieval through 
search. Currently, search results often include information 
items of low subjective importance. For example, considerable 
time may be spent on distinguishing the latest version of a 
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Old’nGray scheme 


document from the older ones stored in other folders (e.g., an 
archive folder), as queries typically search across folders 
(Jones, Karger, et al., 2005). When the user uses search using 
these applications, the information items marked by GrayArea 
and Old’nGray will be distinguished from the rest of the results 
in the list by their color. Moreover, the search engines also 
could use this low subjective attribute and place these informa- 
tion items at the bottom of the search results list. 


Subjective Context Principle: Evidence 
and Implementations 


When testing the subjective context principle, results 
show that participants tended to talk about their personal 
information organization in terms of external, temporal, and 
social context, but not in terms of internal context. The no- 
tion that information should be understood in its context is 
widely accepted in the field of information science (Medlin 
& Schaffer, 1978; Saracevic, 1999; Schamber, 1994) and in 
the specific field of PIM research (Barreau, 1995; Kwasnik, 
1991; Malone, 1983); however, current PIM systems make 
only limited use of context-related features in their design. 
Two examples of context-dependent features that can be 
added are shown next. 


ItemHistory (external context). In his 1945 article, “As We 
Might Think,” Vannevar Bush envisioned a machine he 
termed “Memex,” which automatically indexed information 
items sequentially viewed by the user in associative trails to 
allow her or him to return to these information items in the fu- 
ture (Bush, 1945). More than 60 years after the article was 
written, current PIM systems still do not allow the user to fol- 
low a trail from one information item to other information 
items that were viewed at approximately the same time. 
Applying the subjective context principle /temHistory is a fea- 
ture that enables such an action. When working on a specific 
information item (e.g., a student working on a course paper), 
the user may open several other information items related 
to the same task (e.g., Web pages, e-mail, and other documents 
containing relevant information). In current design, the 
connection between these information items is lost, and 
the user needs to separately retrieve each of them. /temHistory 
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FIG. 6. ItemHistory scheme. 


indexes these information items without bothering the user. 
When the need arises, the user will be able to use this feature 
(e.g., as an additional option in the item’s File menu) to view 
and retrieve all items that were open at the same time as the 
current one (Figure 6). A similar history option also can be ap- 
plied on a folder level, giving the user the ability to retrieve all 
information items that were open in parallel to the ones the 
folder contains (for previous work on use of personal infor- 
mation history, see Hill & Hollan, 1994; Hill, Hollan, Wrob- 
lewski, & McCandless, 1992). 


Project contact list (social context). Projects often involve the 
exchange of information within a group of people that can be 
viewed as a subset of the user’s contact list. In this feature, each 
folder has its own subset of contacts. The list is updated 
automatically with a person’s contact information when an 
information item from that person (e.g., e-mail or attached doc- 
ument) is stored in that folder, or updated manually by drag- 
ging it from the user’s general contact list (Figure 7). When 
e-mailing a document contained in the folder as an attachment, 
the user will see the names of people associated with the 
project at the top of the general list. This will not only allow for 
more efficient selection but also possibly remind the user of 
project-related people to whom the document should be sent. 
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Before concluding this article, we would like to address 
the way the user-subjective approach relates to contempo- 
rary directions in PIM design. 


Hierarchical Design and Its Alternatives 


The current design of PIM systems is hierarchical: The 
system allows users to store their information items in folders 
(or directories), which in turn can contain subfolders (or sub- 
directories), and so forth. Lansdale (1988) criticized the use of 
hierarchies, and suggested three complementary alternative 
directions which have been extensively implemented in con- 
temporary experimental systems: 


e Multiple classification: Users are not restricted to storing 
an information item in a single folder. Each information 
item can be assigned to several categories or tags (Cutrell, 
Robbins, et al., 2006; Dourish et al., 1999; Kaplan, Kapor, 
Belove, Landsman, & Drake, 1990; Quan, Bakshi, Huynh, 
& Karger, 2003); 

e Search: When searching for an information item, the users 
are not limited to specific folder categories. They can use 
any attribute they happen to remember about the information 
item to retrieve it. Strong advocates of the search tool 
believe that search will eliminate the need for hierarchical 
classification (Cutrell, Dumais, & Teevan, 2006; Dourish 
et al., 2000; Dumais et al., 2003; Fertig, Freeman, & Gelernter, 
1996a, 1996b; Raskin, 2000); 

e Automatic Classification: The system assigns or suggests 
a classification category for information items to take the 
burden off the user (Agrawal, Bayardo, & Srikant, 2000; 
Cutting, Karger, Pedersen, & Tukey, 1992; Whittaker & 
Sidner, 1996; Witten & Frank, 2005). 


The user-subjective approach does not take a stand in the 
argument between hierarchical design and its alternatives, as 
all options for PIM design could benefit from systematic 
use of subjective attributes. Subjective attributes can be used 
as tags, assist in searches (as shown in the examples of 
GrayArea and Old’nGray), and serve as means for automat- 
ic classification. Thus, we encourage all PIM designers to 
use the user-subjective approach and its principles as gener- 
ic ideas that call for applications and features to improve 
PIM system designs. 


Conclusions 


The overall research findings indicate that personal com- 
puter users are interested in using subjective attributes, and 
indeed, use them whenever their system design encourages 
this; however, when system design discourages the use of sub- 
jective attributes, users avoid using them, or find alternative 
ways of doing so. Regarding classification, participants tend- 
ed to save files of different formats together in project folders 
(when the design encouraged this), but tended not to store pro- 
ject-related e-mail and Web Favorites in these folders (as the 
design discouraged it). Regarding importance, participants 
tended to use the features that supported retrieval of informa- 
tion items of high importance; however, as the system does 


not offer a way of making items of low importance less 
visible, the users found their own alternative ways of doing so. 
As to the context, current design makes little use of this at- 
tribute; however, participants related to it when talking about 
their personal information organization. It seems that current 
systems do not offer comprehensive use of subjective attribut- 
es, and users could benefit from additional options that better 
exploit them. 

These findings support the user-subjective approach and 
encourage the design of PIM systems according to its princi- 
ples. We suggested seven novel implementations design 
schemes: ProjectFolders, MyProjects, and ProjectField, based 
on the subjective project classification principle; GrayArea and 
Old’nGray, in line with the subjective importance principle; 
and ItemHistory and Project Contact List, founded on the 
subjective context principle. Each of these design schemes 
should be developed and tested before being recommended for 
public usage; however, the wealth of straightforward novel 
implementations that the user-subjective approach suggests is 
an indication of its generative strength. 
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